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INITIALEXPERIMENTSONFLUTTEROFUNSWEPT

CANTIIIEWERWINGSATMACHNUMBER1.3*

ByW. J.Tuovila,JohnE. lkker,andArthurA.Regier

SUMMARY

A supersonictunneldesignedto operateatMachnumber1.3wasused
fora preliminaryexperimentalflutterinvestigationofwidelydifferent
unsweptcantileverwings.Datafor12wingswithmass-densityparameters
I/K rangingfrom52to268,-center-of-gravitypositionsrangingfrom46
to63percentchordfromtheleadingedge,andelastic-axispositions
rsngingfra 34to 52percentchordfromtheleadingedgeareconsidered.

A comparisonismadeofthetestresultswithcalculationsof
bending-torsionflutterobtainedby thetheoryofflutterin supersonic
two-dimensionalflowsadit isconcludedthatthetestdatasreinreason-
ableageementwiththecalculatedresults.~ general,thetheoretical
valuesareconservative.As shownby thetheory,theflutterresultsare
quitesensitiveto thelocationofthecenterofgravity.Thickandthin,
bluntandsharpairfoil-sectionshapeswereused,butno verypronounced
effectofthesectionshapeonfluttercharacteristicswasfound.The
experimentsincludea studyoftheeffectof thetiditionoftipmoments
of-inertia.Withthecenterofgratityofthetip
withthecenterofgravityof thewingsection,no
theflutterspeedwasfound.

INTRODUCTION

weightscoincident
detrimentaleffect

Thebackgound~d theoryfortheflutterofana~foil~ a ~“’

on

dtiensionalfiowat supersonicspeedsisgiv&ninreference1. Thepres-
entinvestigationisa preliminarysurveyto determinethepossibility
ofusingthetheoryofreference1 forflutterat supersonicspeedsto
predictthecoupledbending-torsionflutterofwidelydifferentunswept

*SupersedestherecentlydeclassifiedNACAM MU, “Initial
ExperimentsonFlutterofUnsweptCantileverWingsatMachNmber 1.3”by
W. J.Tuovila,JohnE.Baker,andArthurA. Regier~1949.
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cantileverwingsat a lowsupersonicMachnmber. Thispreliminaryinves- m
tigationisnotintendedas a criticaltestofthetheorysincethesnaly-
sisdoesnotconsidertheeffectofmodeshape,aspectratio,section
shape,tip~ch cone,orviscouseffects. e-

A single-degree-of-freedomtorsionalinstabilitywhichmayoccurin
theMachnumberrange1.0to 1.X isdiscussedinreference1. Inorder
alsoto investigatethepossibleoccurrenceof suchsingle-degreeflutter
oncantileverwings,thetestapparatuswasdesignedto operateat a Wch
numberof1.3.

A briefdiscussionisgivenoftheeffectsof concentratedmasses
placedatthewingtip,thecenterofgravityofthemassescoinciding
withthecenterofgravityofthewing,andtheeffectsof sharpand
bluntleadingedgesonthewings.

SYMBOLS

b

Cw

GJ

P

m

M

l/lc

Ia

ra2

v

ff

fh

f~

sanichord,ft

chord,ft

torsionalstiffness,in2-lb

massdensityofairintest

massofwingperunitspan,

Machnumber

section,

Blug8/ft

mass-densityparsmeter,m/fipb2

massmomentof inertiaofwingabout

radius-of-gyrationparameter~Ia/mb2

fluttervelocity,ft/6ec

flutterfrequency,cps

first-bending

first-torsion

frequency,cps

frequency,cps

slugs/cuft

elasticaxisperunitspan
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= ~fh%,

Q = afa

gh first-bendingdsmpingcoefficient

h first-torsiondsmpingcoefficient

APPARAKI!USANDTEST~THODS

Thetestsweremadeat a Machnumberof 1.3inan “intermittent”
two-dimensionalsupersonictunnelhavinga 9.2&-inchby 18.23-inchtest
section(figs.1 and2).‘I!heapparatusoperatesfromatmosphericpressure
toa vacumn.A qtick-operatingvalveallowsa steady-flowconditionto
be reachedinapproximately0.15secondandthisconditionof steadyflow
canbemaintainedfor5 to7 seconds.Topreventcondensationinthetest
section,a roomwasconstructedat thetunnelentranceinwhichtheair
couldbe heated.Variationoftheairtemperaturefrcm1700F to200°F
resultsina velocityrangeat thetestsectionfrom~0 milesperhour
to 990milesperhourat a Machnumberof 1.3. Thetest-sectionmch num-
berdeterminedlyopticalmeansvariedfroIR1.29to 1.31.Thetest-
sectionMachnumberdeterminedby a pressuresurveyshoweda variation
froml.31to1.33(fig.3).

Themodelsweremountedcantileverfashionfrcmthesideofthe
tunnel(fig.4). Inordertoavoidpossiblemodelfailuredurtigthe
tunneltransientconditions,andsincesupersonicfluttercharacteristics
werebeingdetermined,itwasdesirabletowithholdthemodelfromthe
flowduringtheperiodsofaccelerationanddeceleration.A pneuma.tic-
cylinderarrangementwasinstalledforthispurpose(fig.2). Withthis
device,themodelcouldbe heldoutsidethetunnelwalluntilstableflow
conditionswerereached;then,bymeansof electricallyoperatedvalves
controlledby an observer,themodelcouldbe projectedintothetunnel
slowlyandwithdrawnqticklyifnecessary.

Thefluttermodelswereofrectangularplanformandwereconstructed
of lsminatedSitkaspruceor aluminumalloy.Thewingdimensionsad
parametersaregivenintableI. Thewingchordsrangedfrom3.03to
4.22inchessmdthelengths(semispan)from6 to 9.12tithes.I?oththick
andthinsectionswithbluntandsharpleadingedgeswereused. Theair-
foilsectionsusedwere3-,5-,and8-percent-thickcirculsrarcs,
3-percent-thickdoublewedge,NACA16-o1o,andNACA65-007.Themass-
densityparsmeterl/K rangedfrom52 to 268,thechorhisepositionsof
thecenterofgravityrangedfrcun46 to 63percentchord,sndtheposi-
tionsoftheelasticaxisrsngedfrom34 to52percentchord.



4 l?ACAl!N3312. —

Beforeeachmodel’wasinstalledinthetunnel,itsweight,momentof
.

inertia,andsectioncenter-of-gravitypositionweredetermined.After
installationinthetunnel,theelasticaxiswaslocatedby observingthe w
axisof zerotwistoptically.Thefirst-bendingfrequencyandthedsmptig
wereobtainedfroma free-vibrationrecordof themodel.Sincethewings
werestructurallyuniform,thestiffnessper~eter GJ couldbe cmnputed
froma torsional-vibrationrecordobtainedwitha massof largelumwn
momentof inertiaattachedtothewingtip. me uncoupledfirst-torsion
frequencycouldthenbe calculated.Thetorsionaldsmpingwasdetermined
fromthetorsional-vibration-decaycurve.

!Ihemodelsweredesignednottoflutteronthefirstrun. Themodels
wereprogressivelymodifiedby addingleadto shifttheircentersof
gravityandby slottingto shifttheirelasticaxesandchsagetheir
bendingandtorsionfrequencies,untilflutteroccurred.Ifa modelwas
saved,itsparameterswerechangedtoyield&otherflutterpoint.The
valuesoftheradius-of-~ationparameterra2 andchordwisecenterof
gravityweredeterminedfrmntheunmodifiedwingandtheaddedmasses.

Duringeachtestrun,thefollowingdatawererecordedsimultaneously
bymeansofa recordingoscillograph:flutterfrequency,
modelinthetunnel,andstaticpressure.

A samplerecordoftheflutterofmodelB-7isgiven

METHODOFANALYSIS

Theflutterdatafortheparticularwingstestedexe
cientformandcomparedwiththeanalyticsolutionofthe
bending-torsionflutterproblemina two-dimensional”flbw
erence1. Thedataofthispaperwereobtainedat a Mach

positionofthe- .-
~—

infigure5. ..

putincoeffi-
supersonic
givenh ref- —
numberof1.3

and,sinceaerodynamiccoefficientsatthisl&chnwnbererenotincluded
inreference1,a lin&arinterpolationwasmadebetweenthecomputed
valuesoftheflutter-speedcoefficient”atMachnumbersof1.25and1.43,
forwhichtheaerodynamiccoefficientssreavailable.First-bendingand
uncoupledfirst-torQionfrequenciesanddampingcoefficientsgh and ~
wereusedinthetheoreticalanalyses. .-

.—

An examinationofthepossibleerrorsintroducedintotheresultsby
themethodof interpolationisdesirable.It isknownthattheerrormay
be verylarge;forexample,inthecaseoft~rsionalinstabilityinone
degreeoffreedomfortheelastic-sxispositionat 50percentchord,the
interpolationwasmadedirectlybetweentheaerodynamiccoefficientsat
Machnumbers1.25and1.43. Thisinterpolationwasnecessarysincethe
wingwasstableata Machnumberof 1.43endthetheoryyieldsno solution
fortheflutter-speedcoefficientundertheseconditions.

—
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RESUGTSANDDISCUSSION

Thesignificsntflutterparametersandtheresultsofthecalcula-
tionsaregivenintable1. A largenumberoftestsweremadeonwings
whichdidnotflutter,buttableI givesonlytheresultsforthewings
forwhichflutterwasobserved.Alteringa modelto obtainfluttercon-
sistedinmovingthecenterof gravitybackin incrementsofabout2 per-
centofthecho??d.Consequently,thechordwisepositionofthecenter
ofgravitythatwouldproduceflutteriskmwn towithinabout2 percent
chord.Theresultsme sensitiveto center-of-~avitypositionandthis
sensitivity~ accountforsomeofthescatterofthedata. Contributing
alsoto thescatterofthedataaretheinaccuraciesin obtaintigthewing
parameters,theeffectofthede$yeeofpenetrationofthemodelintothe
tunnel,anderrorsinthedeterminationoftheflutter-speedcoefficients
misingfromthemethodof interpolation.

SomeoftheresultslistedintableI srepresentedinfigures6
snd7. Infigure6 thetheoreticalandexperimentalflutter-speedcoef-
ficientsme ccanpsred.Thefactthattheexperimentaldatafallabove
thek5°line,forthemostpart,indicatesthatthetheoryofreference1
isgenerallyconservativeas faras applicationto cantileverwingsis

1 concerned.F&cmconsiderationofthefactthata slightinaccuracyin
thelocationofthecenterof gravityhasa largeeffectandalsothat
effectsof sectionshape,aspectratio,andMachconesrenotaccounted

●- for,theagreementisnotunsatisfactory.Thetheoreticaland~eri-
mentalflutterfrequenciesareccmparedinfigure7; theexpertiental
frequenciesrangedfromabout0.61to 1.09timesthetheoreticalvalues.
Inallcasesthemodeat flutterappearedtoconsistmainlyofa coupling
offirst-bendingandfirst-torsionmodes.

Sincethepresentinvestigationisofa preliminarynatureandcovers
a widerangeofparameters,no attemptwasmadeto isolatetheeffectsof
separateparameterssuchasthemass-densityparameter,frequencyratio,
elasticaxis,smdcenterof gravity,whicharetreatedby thetwo-
dtiensionaltheory,orparameterssuchas aspectrationottreatedby
thetheory.

An attemptwasmadeto investigatesomeofthepossibleeffectsof
airfoil-sectionshapeonflutter.Theinterminglingofthedataforthe
variousmodels(figs.6 and7)suggeststhatthesectionshapehasno
verypronouncedeffecton flutterat a Machnumberof1.3. However,more
difficultyduetodivergencewasexperiencedwiththickmodelshaving
bluntleadingedges.Thisresultis inaccordwiththehigher-order
methodofcalculation(orderhigherthaninthelinearmethod)forpres-
suredistributionat supersonicspeedsin steadyflow,whichshowsthat
thecenterofpressuremaymoveaheadofthe50-percent-chordposition
forthickblunt-nosedairfoils,particularlyatI’&chnumbersnearunity.
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Itwasobservedintheteststhatthethickairfoilstendedto diverge
eventhoughtheelasticsxiswasaheadofthe~-percent-chordposition.

Sincepracticalwingedvehiclespassthroughthesubsonicspeedrange
inordertoreachsupersonicspeeds,somediscussionofandcomparison
withsubsoniccriteriame desirable.Forthispurpose,incompressible
flutter-speedcoefficientswerecomputedby themethodofreference2
forwhichfirstbemdingsnduncoupledfirsttorsionfrequenciesand
dampingcoefficientsgh and ~ wereutilized.Thatflutter-speed
coefficientsbasedon subsonictheoryareconservativewithrespectto
supersonicspeedshasbeensuggestedinreference3 and,infact,is
indicatedby someofthecalculationsinreference1. 5is conclusion
isalsoindicatedby thepresenttests,as illustratedinfigure8, in
whichtheexperimentalflutter-speedcoefficientsareplottedagainst
theincompressibletheoreticalflutter-speedcoefficients.!I!hestatement
maynotbe trueingeneral;forexample,theconditionwhenthefrequency

*

.

—

—

—

—

ratio~ = 1 mayneedfurtherinvestigationand,inanycase,themargin~
of safetyisnotestablished.Sameofthemodelswerepermittedto
encounterthetunneltransient speedssad,forexsmple,modelF-1,which
hadflutteredatMachnumber1.3,washeldinthetunnelwhilethetunnel
wasbroughtup to speed.!Ihewingflitteredandbrokeat a Machnumber
of about().~,a resultwhichisingeneralagreementwiththesubsonic ?
calculation.Flutterdataobtainedwithbombsandrocketmissiles(ref-

-.

erences4 to6)andotherexperienceindicatethatifflutterfailures
occur,theyoccur,ingeneral,at speedsnearsonic.Forthepractical w

Purposeofmakingpreliminaryestimatesofa @ng flutterspeed,such
formulasas,forexample,theapproximateflutterfo~ula@ reference2
or similar criteria thus ap”pearusef~ overa widerangeof speeds. -

Inreference3, Smilgsuggestsa torsionalfrequencycriterion
~cw >1,000feetpersecondas sufficienttopreventonedegreeoftor-
sionalflutterat supersonicspeeds.me criterionisbasedonthe
assumptionthatthefirst-bentingfrequencyti.veryhighwithrespect
tothefirst-torsionfrequency.In order”toexplorethiscriterion,a
cantilevermodelwasequippedwithtipweightsatboththeleadingad
trailingedgessothatthetorsionalfrequencywasreduced.Theresults

—

ofthetestsareshownintableII. Inallcasesa slightshiftofthe
centerofgravityaheadofthelocationatflutterstoppedtheflutter.
Z!hefactthatflutterisextremelysensitivetothecenter-of-gravity
positionandthatthevaluesoftheproduct~cw arefarbelow1,000
indicatesthatthecriterionisoverlyconservativewhenappliedto
cantileverwingswithnormalbending-torsionfrequencyratios.me data
furthersuggestthatforcantileverwingsthe.bendingdegreeoffreedom

—

maysuppresstheon~-degree-of-freedomtorsionalflutterandthatbending-
torsioneffectsoccur. ●
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Thedatafurtherindicatethatnoharmfuleffectontheflutter
speedensueswhenthecenterofgravityofthetipweightsandthewtig
coincide.It isobservedthatthefrequencyratiovariesfrom0.’55
to 0.85andthatthetorsionalfrequencyhasbeenreducedto as lowas
one-thirdofthevalueforthewingwithouttipweights.Forthelargest
massmomentof inertiaonthewingtip (lastcaseintable11),itwas
necessarytomovethecenterof gravityfarthertowardthetrailingedge
toproduceflutter.

Infigure9,thetheoreticalcurvesrepresentflutter-speedcoeffi-
cientsforone-degree-of-freedomfluttercalculatedaccordingtorefer-
ence1. Theexpertientalflutter-speedcoefficientsshowninthisfigure,
however,correspondto thecoupledbend--torsion~lues=

An effortwasmadeto obtainsomesystematicaspect-ratioeffects
frc.mthepresenttests,buttheresultswererathercontradictory.Some
modelswhichspannedthetunnel(exceptfor&nch tipclearsnce)were

usedsothat,presumably,two-dimensionalflowoverthewingcouldbe
expected.Flutteroffull-spanmodelsofNACA16-o1osectioncouldbe
stoppedby retractingthetipfromtheboundsrylayer;however,whenthe
tipwasretractedfromtheboundarylayerforthe3-percent-thickdouble-
wedgemodels,theflutteramplitudeincreased.Theeffectofthesubsonic
boundarylayeratthetipofthemodelsisnotlmown.ti oneparticular
casethemodelflutteredat 99percentofthetheoreticalfrequencyon
enteringthetunnelsndthefrequencychangedto 128percentat a smaller
smplitudewhenthemodelspannedthetunnel.As themodelwasretracted,
theflutterfrequencydroppedto 99percentofthetheoreticalvalueand
flutteredto destruction.A moresystematicinvestigationoftheaspect
ratioandtipandsky effectsisdesirableto clarifyvariousaspects
oftheproblem.

CONCLUSIONS

Theresultsofa preliminaryflutterinvestigationofwidelydiffer-
entunsweptcantileverwingmodelsat a Machnmnberof1.3indicatedthe
followingconclusions:

1.Agreementbetweenexperimentalandcalculatedflutter-speedcoef-
ficientsisfairlysatisfactory.In general,thetheoreticalvaluesere
conservative.
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2.No verypronouncedeffectofairfoil-sectionshapeontheflutter” d
characteristicswasfoundintheseprelhinaryexperiments;however,sig-
nificantdivergenceeffectswereobservedonthickblunt-nosedairfoils. w.

LangleyAeronauticalhboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Vs.,October13,v48.
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KLUTCER DATA ON A CMTIZEWR MODELWITH ~P WEIGETS

[Wingchord= A in.;elasticaxisat 47percent chord; ra2 = 0.23 (for wing with

no tip weights); weight of wing with no tip weights = 0.0806 lb; l-h of

wing (6emispan).“~ in.; tip-weightcenter of gravity coincideswith the

wing center of gravl@ I

Frequency,
Cps

.%/%

TorsionBending Flutter

244 134 153 0.550

133 102 105 .767

103 81 86 .786

80 68 74 .8y

enter of gravity
of wing and
tip weights,
percent chord

50

49

53

l-l-i
Moment of

Tip weights, Inertia of
%Jg lb tip weights

about e.g.,
L.E. ~.~.

in-lb-sec2
1 1 1

510 0 0
I

o

278 I .0099.00s49 .003162

2x6 I .01766.01754 .000542

167I.02747I.030441.COC@6

P
o
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